A string state with a flux of nonzero cross section is investigated. It is shown from variational arguments that in the SU (N) gauge theory the string squeezes itself, and hence leads to confinement, whereas in the U(l) gauge theory confinement does not occur.
One of the most important problems in the field theory is to prove confinement of quarks in quantum chromodynamics. In this note a possible mechanism of quark confinement is proposed. On the basis of the picture that two static charged particles (electron-positron, or quark-antiquark) are connected by a gauge field string having nonzero cross section, it is shown that confinement does occur in the non-Abelian gauge field theory, even under neglect of interactions between the vacuum and the string, while it does not occur in the Abelian gauge field theory.
In the following we work in the Schri:idinger representation and A 0 = 0 gauge. The ground state wave functional and its energy are determined by a variational method using sufficiently general trial wave functionals. First we consider the Abelian field theory. Since all physical states must be invariant under local gauge transformations, positronium states are described by gauge mvanant wave functionals such as 
where the weight factor 1s normalized as 
After simple calculations we obtain
Here E 0 is the vacuum energy H1Jf [A]
=E01Jf [A] , and
(12)
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Since fd 3 wEF=O, we get the energy expectation value as follows:
(13)
The minimum of this energy is realized when F=O, by choosing Faraday's electric force lines as T's with the weight f [T] proportional to the electric flux density of the Coulomb field.*> Furthermore it can be seen that Pxy thus defined is actually the eigenstate of the Hamiltonian:
The second term is nothing but the Coulomb energy. Now we proceed to consider the nonAbelian case, and show that the minimum energy is given by the Coulomb energy when the distance between an external quark and an antiquark is short, and by the linear potential energy when the distance is long. As a trial wave functional we take Note that the second term in Eq. (18) does not appear in the Abelian case. It is the appearance of this term that causes the essential difference between the Abelian and the non-Abelian cases, and leads to the linear potential at large separation of quarks. This term is proportional to g2(J 2 (0). From the perturbative analysis of the ultraviolet region, it is known that the bare coupling constant g is infinitesimally small. After some renormalization, therefore, only finite constants are expected to appear in the equation, i.e., (21) which can be called the string tension.*' Then the second term is written as
=g"S drf[T] S dr'f[r'] S dzk
where lr denotes the length of the line r. 
S dzkS dz/o 3 (z-z')octJ(T, T'). (23)
where the Fiertz identity has been used. Note that this term is the same as the Abelian string energy except for the factor (1-1/ N) . This term does not diverge,
Thus Eq. (17) becomes *l There remains a possibility that the divergence does not appear for more appropriate wave functionals. In this case the last term of Eq. (17) is essential for confinement, since no dimensional parameter like k' appears without this term. However such wave functionals ha,·e nut been found up to the pn•sent.
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But for the last term, the above meson state is the exact eigenstate of the Hamil- Hence the interaction term describes the fluctuation of the string (Fig. 1) , the creation of two junctions (Fig. 2) , and so on. The creation of junctions will be important for the decay process of the meson into a baryon-antibaryon system. Thus the real meson state becomes a superposition of states with many junctions. As a zeroth-order approximation, however, we can take the meson state of Eq. (15). The author would like to thank Dr. M. Bando, Dr. T. Kugo, Dr. T. Inoue and Mr. S. Uehara for their valuable discussions.
